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Abiotic, Microbial, and Microbially Mediated Reduction
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Dissimilatory Fe(lll) Reduction
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k v’ Effective reductants for many organic and inorganic contaminants



Fe(ll)-Fe(lll) Hydroxide (Green Rust)

Layered Structure
General Composition: [Fe'l g ,Fel', (OH),]** [(A),,eyH,O]*
Formed via numerous biotic and abiotic processes

Plays a central role in the redox cycling of Fe in many aquatic and terrestrial
environments

Capable of reducing many organic and inorganic contaminants (e.g.,
halogenated hydrocarbons, Se(VI), Cr(VII), Hg(ll), Tc(VI), U(VI), etc.)
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Dissimilatory Fe(lll) Reduction

Experimental System
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160-mL serum vial
100 mL Minimal Medium
75 mM e donor

80 mM Fe(lll)
~5710° cells mL1?




Shewanella Surveyed for DIR of gFeOOH

Shewanella oneidensis SP-22, clinical isolate
Shewanella oneldensis SP-32, clinical isclate
Shewanella oneidensis SP-T, clinical isolate
eWa n e a Shewanella sp. SAR1_45, marine, Sargasso Sea, shotgun library
Shewanella putrefaciens IR-1, rice paddy soil, South Korea
Shewanella putrefaciens sp. 184, ATCC 8073 (ACM 577), surface tainted butter
haianalla anaidancie DI MT lowar Cresn Bay sadimante | zles Mishigan bl
PY 1 Shewanella oneidensis MR-1 (ATCC F00550) freshwater sediments, Lake Onedia NY]
g- r O t e O aC t e r I a Shewanella sp. SAR1_24, marine, Sargasso Sea, shotgun library
Shewanella putrefaciens SW2.3, temperate marine esturary
Shewanella ps. W3 18-1, marine sediments, Pacific Ocean (630 m, 5-6 cm core), Washington Coast

H Shewanella p. W3-6-1, marine sediments, Pacific Ocean (997m depth 9-10 ¢m core) Yashington St. Coast
. ne O e IIIOS p y Ogene ICa y CAM 274 [NCIME 8768 machine ol emulsion Antarctica

[Shewanella putrefaciens SMCC STEVW (CN-232). subsurface sandstone. Mew Mexico. NM

. . apan
d I V e r S e e n u S O f B aC t e r I a hewanella putrefaciens (T) ATCC 8071 {1AM12079T), surface tainted butter

g Fewanela pureraciens M- 30, seaments, Green Bay in Lawe Michigan, bl
Shewanella putrefaciens 200 NCIMB 12577, crude oil, Alberta Canada
Shewanella sp ML-32, alkaline lake, Mono Lake, CA

* Facultatively anaerobic P it i

 Remarkable flexibility wrt range of e e e L
acceptors for anaerobic respiration

 Physiological diversity reflected in S E G
range of habitats (mesophilic, | e
psychrotolerant, psychrophilic,
barophilic)

* Isolated from a broad range of
environments (marine and freshwater,
sediments, terrestrial subsurface)

« Commonly found at oxic/anoxic
boundaries

Shewanela sp ANTIOT1, Antarctic Sealce
Shewanella baltica 05155, Baltic Seawater, Gotland Deep

Shewanella baltica (T) NCTC 10735, marine water, Baltic Sea

Shewanella sp CL256/73 (NCTC 12083), human cerebrospinal fluid

Shewanella sp. SAR2_18, marine, Sargasso Sea, shotgun library

jonis SO TV COTOC M 203002 activated alides from hriﬁ er, China

Shewansla denitificans (T) OS-217, marine oxic/anoxic zone, Gottland Deep, cantral Baltic Sea

Shewanella sp TP4, marine estuary

Shewanella gaetbuli TF-27, marine tidal flat, South Korea

Shewanella japonica (T) KM 3299, marine, Troitza Strait, Sea of Japan

Shewanella japonica KM 3577, marine, Strain of Okhotsk, Sea of Japan

Shewanella pacifica KM 3605, marine, Sea of Japan, Pacific Ocean

Shewanella baltica KT 0246, surface waters, Helgoland |sland, German Bay, North Sea
il ana (1) ACAN-9 temp: arine esturary

hewanella amazonensis (T) SB2B, marine sedimefis, Amazon River delta, Brasil

@ naneqal L marine, orsn colurmbia, Canada

Shewanella hanedai (T) CIP 103207 (ATCC 33224), Arctic Sediment

Shewanella hanedai KMG427, marine, Antarctic Ocean

Shewanella hanedai IC050 (ACAM 585), congelation ice, Ellis Fjord, Antarctica

la cheihd (LLATCC 24908 marine detritus, Alboran Sea, Persian Gulf

Shewanella aquimarina SW-120 (T), marine, Yellow Sea, Korea

Shewanella benthica ATCC 43991 (ACM 543), digestive tract of amphipod Scopelocherius shellengi, Puerto Rico Trench
Shewanella benthica F1A, marine, North Sea 4900m

Shewanella benthica DB21MT -2 (JCM10264) marine, Marianas Trench 10898 m depth

Shewanella benthica (T) ATCC 42992, unknow

Shewanella violacea (T) DSS12 (JCM 10179). marine sediments, Ryukyu Trench, 5110 m, Japan

Shewanella gelidimarina (T} ACAM456, congelation ice, Prydz Bay, Antarctica

Shewanella pealeana (T) ANG-5Q1, accessory nidamental gland of squid {Loligo pealei)

16S rRNA Tree courtesy of Jim Tiedje’s group



Reduction of Lepidocrocite by Shewanella sppi
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Lepidocrocite Reduction by CN32
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Characterization of Biogenic Solids
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e  Donor Effects on DIR of gFeOOH by CN32

Total Fe(ll) (mM)

Fe(Il) production resulting from dissimilatory reduction of lepidocrocite
by S. putrefaciens CN32
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e- Donor Effect on Solid-Phase Fe(ll) Products
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U(VI) Interaction with Biogenic Green Rust

Experimental System

Ar '
§ headspaQS%:‘-‘z;f'

U speciation
U XAFS

Total U

Biogenic GR
Pasteurized 70 ° C

Washed/sonicated
58 mM Fe(ll)

l Add 500 mM U(VI) Within 48 h > 98% of added U associated with solids




XAFS (X-ray Absorption Fine Structure)

X-ray Absorption Fine Structure Spectroscopy
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« Short-range structural probe — provides information on oxidation
state as well as the number, type(s), and distances of neighboring
atoms (typically 1-2 “shells”) along with an indication of structural

l disorder




U(VI) Interaction with Biogenic Green Rusts
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Modeling of EXAFS Data

Model based on structure of uraninite (UO,)

Disorder in distance

Neighboring Microbe Number of Distance to to
atom type neighbors Neighbors (?) neighbors (X1072)

CN32 6.8+04

U-01 ANA3 7.2+0.5 2.31+£0.01 13.9+1.7
Alga 6.8+0.4
CN32 1.2+04

U-02 ANA3 0.8+0.5 2.67 £ 0.05 13917
Alga 1.2+04
CN32 1.9+0.9

U-Fe ANA3 1.8+0.7 3.41+0.02 10.4+5.0
Alga 20+0.8
CN32 3.3+13

uU-u ANA3 48+14 3.77 £ 0.03 10.4+5.0
Alga 38+x11
CN32 6.6+25

U-03 ANA3 96+28 4.43 +0.03 20.8 £10.0
Alga 7.7+22
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Comparison of Shewanella species
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U(VI) Reduction by Green Rust

ERELL Particle size from U-U coordination
- 14
0.15
12 -
| g 10 A P 0000090
BE T E L 22033000
‘}T—\ 7 % 8 1 om&?a oooogo
=< 5 IDIIDIII I
— 0.05 - o Lo P s L B L
™ S Uraninite (UO,) ; 32”
=, i uo, ' In the mtenor b ot . agmg
= 000 - each U has 12 ) o
| Abiotic GR rm%%@gu
Biotic GR 0= ' ' '
-0.05 + i 0 5 10 15 20
i Washed Biotic GR Particle size (nm)
* ] * I . | X |

Modeling of EXAFS U-GRgg,
data predicted ~1-2 nm UO, particles

TEM imaging
revealed
nanoscale
¢« UO, particles




Summary

Lepidocrocite Bioreduction
« Variability in lepidocrocite bioreduction among Shewanella species
 Broad range of Shewanella species can form green rust

« Carbonate green rust dominant product with formate, H,, lactate, and N-
acetylglucosamine

» Siderite dominant product with serine and pyruvate

U(VI) reduction
 U(VI) reduced to U(IV) in presence of biogenic green rust
* Molecular clusters of uraninite-like U(IV) in close association with Fe
» Results similar for green rusts formed by different species

e Biogenic green rust may be a reactive phase for contaminant reduction
In Fe(lll)-reducing environments

k For all this and MORE, see our poster TONIGHT!



